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Description

[0001] The present invention relates to a method for producing a resin article having an undercut shape, that is, a
shape having a part which prevents removal of the molded article from a mold, by an injection blow molding method.
Such a part is, for example, a part larger than an opening as shown in Fig. 5.
[0002] Resin articles having an undercut shape are used as shades of light fittings, containers, cases for industrial
parts and parts of light electric appliances, and the like.
[0003] In general, resin articles having an undercut shape are produced from thermoplastic resins by (1) injection
molding, (2) press molding, (3) vacuum and pressure forming, and (4) injection blow molding.

(1) The injection molding comprises the steps of providing male and female molds with leaving a space having the
same shape as a resin article to be produced between them, supplying a synthetic resin in a molten state in the
space, cooling and solidifying the resin, and then separating the molds to remove the resin molded article.

It is very difficult for the molds to have a structure from which the resin article is removed, when the outermost
size of the resin article is larger than the opening of the article.
(2) The press molding comprises the steps of producing an intermediate resin article of a flat plate shape, placing
the intermediate article which is still maintained at a high temperature on a female mold, and pressing the inter-
mediate article between male and female molds to shape it in a desired shape.

However, it is impossible to press mold an article when its outermost size is larger than its opening. Further-
more, the press molding should be carried out using a line of large molding machines, since the intermediate article
should be pressed while it is maintained at a high temperature.
(3) The vacuum or pressure forming comprises the steps of producing an intermediate resin article of a flat plate
shape, placing the intermediate article on a female mold, clamping the periphery of the article, heating the clamped
peripheral parts, and inflating the intermediate article to press it against the female mold by evacuating an air from
the space between the female mold and intermediate article through an air vent hole provided in the female mold
or by blowing a compressed air over the inner surface of the intermediate article.

In this molding method, shapes of projected parts are limited. Furthermore, articles which will be screwed in
the opening cannot be produced because of the mold structure, and the clamped parts remaining at the periphery
of the opening should be removed by post-processing. Furthermore, the molding cycle is prolonged and thus these
methods are not suitable for mass production.
(4) The injection blow molding comprises the steps of producing an intermediate resin article having a shape similar
to that of a final resin article by injection molding, removing a female mold while the intermediate article is main-
tained at a high temperature, inserting the intermediate article formed around a male mold in a female mold having
the same shape as that of the final resin article, and inflating the intermediate article to press it against the female
mold by blowing a compressed air though a hole provided in the male mold wall.

[0004] This method continuously carries out the injection molding and blow molding. Thus, the intermediate articles
are less contaminated by handling such as transportation. The productivity of this method is high.
[0005] This method can produce a resin article having the outermost size which is larger than the opening to a certain
extent, but the undercut shapes to be produced by this method are still limited. A description of injection blow molding,
in which a parison is formed by injection molding and subsequently blow molded to form the final article which has an
outermost size 1.2 to 2.0 times an opening size, can be found in "Kunstoff-Verarbeitung im Gespräch", Band 3, Blas-
formen, BASF, Ludwigshafen, 1973. FR-A-0,669,240 discloses a method of stretching a board prior to transferring it
to a mold for forming its final shape.
[0006] The resin articles having the undercut shape which are produced by the above conventional methods have
the increased tolerance of wall thickness as the outermost size becomes large in comparison with the opening. In
particular, in the case of molded articles which have a small height and have been highly stretched such as shades of
light fittings, tip ends of corners or corners of square shaped articles have thin walls, and thus the articles have the low
strength for practical use. In addition lamp images are seen through the thin wall parts in the case of light-diffusing
type shades of light fittings.
[0007] Thus, all the conventional molding methods have the drawback that the undercut shapes to be produced are
limited.
[0008] An object of the present invention is to provide a method for producing a resin molded article having an
undercut shape, which can maintain a uniform wall thickness distribution and has good productivity, even when the
article has an extremely stretched undercut shape.
[0009] Accordingly, the present invention provides a method for producing a resin molded article having an undercut
shape comprising the steps of:
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a method for producing a resin molded article having an undercut shape comprising the steps of:
forming a parison as an intermediate molded article by injection molding a thermoplastic resin,
expanding said parison in an open mold prior to blow molding of the parison in the final shape,
then closing the mold, and
blow molding said parison in the closed mold to form the final shape of the article;

wherein the article has an undercut ratio of between 1.0 and 2.0, and an outermost size that is 1.2 to 2.0 times
an opening size.
[0010] The invention will be further described below with reference to an exemplary embodiment and the accompa-
nying drawings, in which:
[0011] Figs. 1 to 6 illustrate the molds and production steps employed in the Examples for the production of resin
molded articles according to the present invention.

Fig. 1 shows the cross section of the molds in the step of the injection
molding of the parison,
Fig. 2 shows the cross section of the molds in the open state after the molding of the parison,
Fig. 3 shows the cross section of the molds during blow molding,
Fig. 4 shows the cross section of the molds in the step for expanding the parison prior to blow molding,
Fig. 5 shows the cross section of the molds in the step for blowing molding the parison, and
Fig. 6 shows the cross section of the molds in the open state after blow molding.
Figs. 7 and 8 illustrate the molds and production steps employed in the Comparative Examples for the production
of resin molded articles by conventional injection blow molding.
Fig. 7 shows the cross section of the molds in the step of the injection molding of the parison in the Comparative
Examples, and
Fig. 8 shows the cross section of the molds in the step for blow molding the parison.

[0012] The thermoplastic resins used in the method of the present invention are those which can be injection molded.
Examples of such thermoplastic resins are acrylic resins, polycarbonate, polystyrene, MS resins which are copolymers
of methyl methacrylate and styrene, polypropylene, polyethylene, high density polyethylene, ABS resins, polysulfone
resins, thermoplastic polyester resins, and the like.
[0013] The acrylic resins may be homopolymers of methyl methacrylate, while copolymers of methyl methacrylate
with a small amount of comonomers such as methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, etc.
are often used for the improvement of processability and heat stability.
[0014] Furthermore, a preferable example of the acrylic resin is a methyl methacrylate resin comprising 30 to 100
wt. % of a methyl methacrylate polymer with a branched structure which has a weight average molecular weight of
between 80,000 and 400,000 and a molecular weight between branch points (expressed by a Z average molecular
weight) of between 30,000 and 500,000 and 0 to 70 wt. % of a linear methacrylic resin, since it has good moldability
and achieves the small wall thickness tolerance, that is, it can provide molded articles having a large undercut ratio
(the ratio d1/d2 in Fig. 5).
[0015] The methyl methacrylate resins with the branched structure will be explained.
[0016] The methyl methacrylate resins with the branched structure are disclosed in GB 2294467, and copolymers
of monofunctional monomers containing methyl methacrylate as a main component, and polyfunctional monomers
copolymerizable with the monofunctional monomers.
[0017] The monofunctional monomers comprising methyl methacrylate mean methyl methacrylate itself, or mixtures
of 50 wt. % or more, preferably 70 wt. % or more of methyl methacrylate and at least one other monofunctional monomer
copolymerizable with methyl methacrylate.
[0018] When the amount of methyl methacrylate is less than 50 wt. %, the copolymers may not have good transpar-
ency and mechanical strength which are the characteristics of the methyl methacrylate polymers.
[0019] Examples of the copolymerizable monofunctional monomers are methacrylates (e.g. ethyl methacrylate, pro-
pyl methacrylate, butyl methacrylate, benzyl methacrylate, etc.), acrylates (e.g. methyl acrylate, ethyl acrylate, propyl
acrylate, butyl acrylate, 2-ethylhexyl acrylate, etc.), unsaturated carboxylic acids (e.g. acrylic acid, methacrylic acid,
maleic acid, itaconic acid, etc.), acid anhydrides (e.g. maleic anhydride, itaconic anhydride, etc.), esters having a
hydroxyl group (e.g. 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, monoglycerol acrylate, 2-hydroxyethyl meth-
acrylate, hydroxypropyl methacrylate, monoglycerol methacrylate, etc.), amides (e.g. acrylamide, methacrylamide,
diacetone acrylamide, etc.), nitriles (e.g. acrylonitrile, methacrylonitrile, etc.), nitrogen-containing monomers (e.g.
dimethylaminoethyl methacrylate, etc.), epoxy group-containing monomers (e.g. allyl glycidyl ether, glycidyl acrylate,
glycidyl methacrylate, etc.), styrene monomers (e.g. styrene, α-methylstyrene, etc.), and the like.
[0020] Examples of the copolymerizable polyfunctional monomers are ethylene glycol or its oligomers both terminal



EP 0 842 753 B1

5

10

15

20

25

30

35

40

45

50

55

4

groups of which are esterified with acrylic or methacrylic acid (e.g. ethylene glycol di(meth)acrylate, diethylene glycol
di(meth)-acrylate, triethylene glycol di(meth)acrylate, tetramethylene glycol di(meth)acrylate, etc.), dihydric alcohols
hydroxyl groups of which are esterified with acrylic or methacrylic acid (e.g. neopentyl glycol di(meth)acrylate, hexan-
ediol di(meth)acrylate, butanediol di(meth)-acrylate, etc.), polyhydric alcohols (e.g. trimethylolpropane, petaerithritol,
etc.) and their derivatives which are esterified with acrylic or methacrylic acid, aryl compounds having at least two
alkenyl groups (e.g. divinylbenzene, etc.), and the like.
[0021] The weight average molecular weight (Mw) of the methacrylic polymers with the branched structure is usually
between 80,000 and 400,000, preferably between 150,000 and 300,000, and the molecular weight between branch
points expressed by a Z average molecular weight (Mzb) is between 30,000 and 500,000, preferably between 50,000
and 200,000.
[0022] When Mw is less than 80,000, the resins do not have sufficient mechanical strength or solvent resistance.
When Mw exceeds 400,000, the resins have low melt flowability and thus the compositions comprising such resins
have low moldability.
[0023] When the molecular weight between branch points (Mzb) exceeds 500,000, the tension of the resins during
the melt stretching decreases, and thus the compositions comprising such resins have low moldability. When Mzb is
less than 30,000, the resins have low mechanical strength, and the molded articles have unsatisfactory appearance.
[0024] Herein, Mw and Mz are measured by gel permeation chromatography (GPC) and a differential refractometer,
respectively. The measuring methods for Mw and Mz are well known in the polymer field.
[0025] The molecular weight between branch points means an average of molecular weights between adjacent
branch points of the polymers having the branched structure.
[0026] The molecular weight between branch points which is expressed by the Z average molecular weight is de-
scribed in Polymer J., Vol. 3, No. 6, (1972) 729-738, the disclosure of which is hereby incorporated by reference, and
calculated according to the following equations:

in which η1 is an intrinsic viscosity at a point at which a molecular weight corresponds to Mz on a calibration curve
showing the relationship of intrinsic viscosities against absolute molecular weights of polymers to be analyzed, which
calibration curve has been obtained using a universal calibration curve representing the relationship of the products
of the absolute molecular weights and intrinsic viscosities against the elution times in GPC for standard samples of
linear methyl methacrylate polymers;

η2 is an intrinsic viscosity at a point corresponding to the same Mz as that of the polymer to be analyzed on a
calibration curve showing the relationship of the intrinsic viscosities against the absolute molecular weights of standard
samples of linear methyl methacrylate polymers; and

Bz is the number of branch points for the Z average molecular weight Mz.
[0027] The amount of the polymers having the molecular weight of 300,000 or more in the methyl methacrylate
polymers having the branched structure is preferably between [14 x (reduced viscosity) - 6.8] wt. % and [14 x (reduced
viscosity) + 11.2] wt. % when a reduced viscosity is 0.7 dl/g or less, or between [40 x (reduced viscosity) - 25] wt. %
and [40 x (reduced viscosity) -7] wt. % when a reduced viscosity is 0.7 dl/g or more.
[0028] A reduced viscosity used herein is measured at a polymer concentration of 1 g/dl in chloroform at 25°C.
[0029] When the amount of the methyl methacrylate polymers having the molecular weight of 300,000 or more is in
the above range, the polymers have good balance between the flowability of the polymer and the tensile strength in a
melt state. Therefore, the resin compositions also have good balance between the flowability and strength during melt
stretching, and thus provide the good quality molded articles.
[0030] The crosslinking degree of the methyl methacrylate polymer having the branched structure is usually 3 % or
less, preferably 1 % of less, more preferably about 0 %, in terms of a gel content, that is, the weight percentage of
insoluble potions in acetone based on the whole weight of the polymer.
[0031] The methyl methacrylate polymers having the branched structure may be prepared by polymerizing the above
monofunctional monomers and components constituting polyfunctional units containing the above polyfunctional mon-
omers optionally in the presence of chain transfer agents and/or polymerization initiators.
[0032] The components constituting the polyfunctional units includes the above polyfunctional monomers, polyfunc-
tional chain transfer agents, and polyfunctional polymerization initiators. They may be used in admixture.
[0033] The amount of the components constituting the polyfunctional units is between 0.02 and 1 wt. % based on

[(η1)/(η2)]10/6 = [(1 + Bz/6)0.5 + 4Bz/3π]-0.5 (1)

Mzb = Mz/Bz (2)
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the weight of the monofunctional monomers.
[0034] The chain transfer agents may be those used in the polymerization of methyl methacrylate. The chain transfer
agents include monofunctional chain transfer agents having one chain transferring functional group, and polyfunctional
chain transfer agents having at least two chain transferring functional groups.
[0035] Examples of the monofunctional chain transfer agents are alkylmercaptans, esters of thioglycolic acid, and
the like, and examples of the polyfunctional chain transfer agents are polyhydric alcohols (e.g. ethylene glycol, neo-
pentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol, tripentaerythritol, sorbitol, etc.) the hydroxyl groups
of which are esterified with thioglycolic acid or 3-mercaptopropionic acid.
[0036] The amount of the chain transfer agent used in the polymerization for the preparation of the methyl methacr-
ylate polymers having the branched structure is usually between 5 x 10-5 mole and 5 x 10-3 mole per one mole of the
monofunctional monomers. The amount of the copolymerizable polyfunctional monomers is so selected that the number
of the functional groups is between 1 x 10-5 equivalent and [(moles of chain transfer agents) - 2.5 x 10-4] equivalents
per one mole of the monofunctional monomers.
[0037] The weight average molecular weight of the methyl methacrylate polymer having the branched structure can
be controlled generally by the concentrations of the mainly used polyfunctional monomers, chain transfer agents and
radical polymerization initiators.
[0038] The weight average molecular weight of the methyl methacrylate polymer having the branched structure is
adjusted by suitably selecting the concentrations of the polyfunctional monomers and chain transfer agents in the
above ranges by taking into consideration the fact that the weight average molecular weight increases as the concen-
tration of the polyfunctional monomers increases, or the weight average molecular weight decreases, as the concen-
tration of the chain transfer agents increases.
[0039] The molecular weight between the branch points can be adjusted by the concentration of the polyfunctional
monomers. The molecular weight between the branch points decreases as the concentration of the polyfunctional
monomers increases.
[0040] Alternatively, the molecular weight between the branch points decreases as the concentration of the poly-
functional chain transfer agents increases.
[0041] The amount of the polymers having the molecular weight of 300,000 or more increases as the concentration
of the polyfunctional monomers increases.
[0042] The polymerization initiators include monofunctional polymerization initiators which generate one pair of rad-
icals from one molecule, and polyfunctional ones which generate two or more pairs of radicals from one molecule.
[0043] Examples of the monofunctional polymerization initiators are azo compounds (e.g. 2,2'-azobis(2,4-dimethyl-
valeronitrile, azobisisobutyronitrile, dimethyl 2,2'-azobisisobutylate, etc.); organic peroxide compounds such as perox-
yesters (e.g. tert.-butyl peroxypivalate, tert.-butyl peroxy-2-ethylhexanoate, cumyl peroxy-2-ethylhexanoate, etc.), and
diacylperoxides (e.g. di(3,5,5-trimethyl)hexanoyr peroxide, dilauroyl peroxide, etc.); and the like.
[0044] Examples of the polyfunctional polymerization initiators include difunctional ones such as 1,1-bis(tert.-butylp-
eroxy)-3,3,5-trimethylcyclohexane and di-tert.-butylperoxytrimethyl adipate; trifunctional ones such as tris-(tert.-butylp-
eroxy)triazine; and tetrafunctional ones such as 2,2-bis(4,4-di-tert.-butylperoxycyclohexyl)propane.
[0045] In a case where the polymerization is terminated when a polymerization rate reaches 45 to 60 wt. % like bulk
polymerization, the amount of terminal vinyl groups formed from the polyfunctional monomers can be decreased by
the use of the tri- or higher polyfunctional polymerization initiators in comparison with the sole use of the polyfunctional
monomers.
[0046] When the polyfunctional polymerization initiators are used, they may replace at least a part of the components
constituting the polyfunctional units.
[0047] The polymerization initiators are used in a suitable amount for each polymerization method. The amount of
the polymerization initiators is usually between 0.001 and 1 wt. parts, preferably between 0.01 and 0.7 wt. parts, per
100 wt. parts of the monomer or monomers.
[0048] The weight average molecular weight decreases as the amount of the polymerization initiators increases like
in the case of the conventional methyl methacrylate polymers.
[0049] The linear methacrylic resins used in the present invention may be general-purpose methacrylic resins, and
polymers of monofunctional monomers comprising methyl methacrylate as a main component.
[0050] The monofunctional monomers comprising methyl methacrylate as a main component include methyl meth-
acrylate itself, and mixtures of 50 wt. % or more, preferably 70 wt. % or more of methyl methacrylate and the rest of
at least one monofunctional monomer copolymerizable with methyl methacrylate.
[0051] The examples of the monofunctional monomers copolymerizable with methyl methacrylate are the same as
those exemplified above.
[0052] The linear methacrylic resins have a weight average molecular weight Mw of between 70,000 and 200,000,
preferably between 80,000 and 180,000.
[0053] When the weight average molecular weight is less than 70,000, the molded articles formed from the resin
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compositions have insufficient mechanical strength. When the weight average molecular weight exceeds 200,000, the
polymers tend to have low melt flowability and thus low processability.
[0054] The methyl methacrylate polymers having the branched structure and linear methacrylic resins may be pre-
pared by any polymerization method for the preparation of conventional methyl methacrylate resins, that is, suspension
polymerization, bulk polymerization and emulsion polymerization.
[0055] The methyl methacrylate resin comprises 30 to 100 wt. % of the methyl methacrylate polymer having the
branched structure and 0 to 70 wt. % of the linear methacrylic resin.
[0056] The methyl methacrylate resins may optionally contain various additives which are added to the conventional
acrylic resins, for example, releasing agents, UV light absorbers, colorants, antioxidants, heat stabilizers, plasticizers,
and the like.
[0057] The molding apparatuses used in the present invention may be conventional injection blow molding appara-
tuses having a mold clamping unit comprising an injection unit, a parison mold and a blow mold.
[0058] Now, the molding method according to the present invention will be explained by making reference to the
accompanying drawings.
[0059] In an embodiment of the method of the present invention, as shown in Fig. 1, firstly a cavity mold 1 and a
core mold 2 are closed. Then, a resin melt is injected from a hot runner 4 into a closed space surrounded by the molds
1, 2 and a neck mold 3, and a parison 5 is shaped as an intermediate resin molded article.
[0060] The cavity mold 1 and core mold 2 are opened as shown in Fig. 2, and then the neck mold 3 holding the
parison 5 is moved into a space between a blow mold 6 and a plug mold 7, or the blow mold 6 and plug mold 7 are
moved above and below the fixed neck mold 3, respectively as shown in Fig. 3. After that, the plug mold 7 and the
neck mold 3 clamping the parison are closed while the blow mold 6 is in the open state.
[0061] Next, as shown in Fig. 4, a plug 8 provided in the plug mold 7 is projected and extended so that the extended
depth (height) becomes about 0.5 to 1.5 times the opening size.
[0062] Then, as shown in Fig. 5, the plug 8 is retracted to the original position, and an air is blown through an air
inlet 9 as soon as the blow mold 6 is closed. Thus, the resin is shaped in accordance with the shape of the blow mold
6. After cooling, the blow mold 6 and neck mold 3 are opened, and the resin molded article 10 is removed as shown
in Fig. 6.
[0063] In the conventional injection blow molding method, as shown in Fig. 7, a resin melt is injected into a closed
space between a cavity mold 1' and a core mold 2' through a hot runner 4', and a parison 5' having a semispherical
shape in this case is formed as an intermediate resin molded article. Then, the core mold 2' holding the parison 5' is
transferred onto a blow mold 6', and an air is injected in the blow mold as soon as the core mold 2' and blow mold 6'
are closed as shown in Fig. 8. Thus, the resin is shaped in accordance with the shape of the blow mold 6'. After cooling,
the core mold 2' and blow mold 6' are opened and a resin molded article 10' is removed.
[0064] The blow molding step sometimes requires a longer time than the injection molding step of the parison de-
pending on the wall thickness and/or shape of the article, and therefore the whole production efficiency of the process
tends to deteriorate. In such a case, the molding step of the parisons and the blow molding step including the preliminary
expansion of the parison are separated.
[0065] That is, the parisons are mass produced by the conventional injection molding method. Then, they are held
by the neck molds, reheated and blow molded in the separate step.
[0066] This process can increase the productivity of the molding method, and also decrease the plant investment
and the costs for the molds used in the blow molding step (molds for undercut shaping) greatly.
[0067] The injection molding temperature in the step for producing the parison is in the range between 170°C and
300°C. Good parisons can be produced from general purpose acrylic resins in the temperature range between 190°C
and 260°C.
[0068] The parison is expanded prior to the blow molding to an extent that the expanded depth (height) is about 0.5
to 1.5 times the opening size.
[0069] Therefore, the opening degree of the molds during the expansion is determined by taking this height into
account.
[0070] The expansion of the parison is carried out by a plug method comprising projecting a plug, a blow method
comprising injecting a compressed air, or a combination of these methods.
[0071] The mold temperature in the expansion step and the conditions in the blow molding step for shaping the final
product are suitably set according to the kinds of the reins, shapes of the molded articles, and the like.
[0072] The method of the present invention is effective for the production of deep draw articles having a molding
area expansion ratio exceeding 100 %, and molded articles having an undercut ratio of between 1.0 and 2.0 and an
outermost size ratio of between 1.2 and 2.0.
[0073] Herein, the molding area expansion ratio is expressed by the following equation (3):
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[0074] The undercut ratio is expressed by the following equation (4):

[0075] The outermost size ratio is expressed by the following equation (5):

[0076] The lengths of d1, d2, d3 and d4 are illustrated in Fig. 5.
[0077] When the parison is expanded with the compressed air or blowing against the already integrated blowing
mold in the conventional methods for the production of the resin molded articles having the undercut shape, a part
which is in contact with the inner wall of the mold is cooled and the expansion of that part is suppressed. Thus, the
projected part (outermost peripheral part) has a very thin wall, or the parison is not expanded to the outermost size,
and therefore the desired undercut shape is not obtained.
[0078] In the conventional injection blow molding methods, the uniformity of the wall thickness is achieved by the
adjustment of the shape of the parison. However, the uniformity of the wall thickness is not sufficient with the article
shape having the low height and large undercut.
[0079] According to the present invention, the contact of the parison to the inner wall of the blowing mold prior to the
shaping of the projected part is prevented since the molds are once opened, and the parison is expanded. Thus, the
uniformity of the wall thickness of the molded article can be much improved.
[0080] When the injection molding, preliminary expansion and blow molding are continuously carried out, the molded
articles are produced at high productivity without the contamination from outside sources.
[0081] Furthermore, as already described, the productivity and reduction of production cost are much enhanced
when the injection molding step of the parisons and the expansion and blow molding step are separately carried out.
[0082] The method of the present invention can produce the resin molded articles which have the large undercut,
extremely uniform wall thickness distribution, and improved appearance and strength at high productivity while avoiding
the contamination from outside.
[0083] When the resin molded articles produced by the method of the present invention are used as shades of light
fittings, they have good uniformity at their peripheries, prevent lamp images from being seen through the shades, and
provide uniform luminance distribution.

Examples

[0084] The present invention will be explained by the following examples, which will not limit the scope of the invention
in any way.
[0085] In the examples, the properties were measured as follows:

(1) Wall thickness tolerance

[0086] A wall thickness distribution was measured in areas of a molded article except an opening (a neck part of a
molded article).

Molding area expansion ratio (%) =

[(Average wall thickness of parison/average wall thickness of final

molded article) - 1] x 100 (3)

Undercut ratio =

[Length of undercut part (d1)/maximum height of undercut part (d2)] (4)

Outermost size ratio =

[Outermost size (d3)/opening size (d4)] (5)
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(2) Tolerance ratio

[0087] A tolerance ratio was expressed by a ratio of the maximum wall thickness tolerance to the minimum one.
[0088] The large tolerance ratio means the low uniformity of the wall thickness of the molded article. A tolerance
ratio exceeding 3 indicates that the uniformity of the wall thickness is not good.

(3) Undercut ratio of a molded article

[0089] An undercut ratio was calculated according to the equation (4) described above.
[0090] The molding is judged to be inadequate as this ratio becomes smaller than the undercut ratio of a mold.

(4) Appearance

[0091] The appearance of an opal-colored molded article was observed with an eye and ranked according to the
following criteria:

A: Good
B: Fair although the color had irregularity partly.
C: The color was faded at the corners, and the transparent parts were conspicuous.

Example 1

[0092] A resin molded article was produced using the mold by the method explained in Figs. 1 to 6.
[0093] A linear methacrylic resin was prepared according to Comparative Example 3 of BP 2294467 from 89.5 wt.
parts of methyl methacrylate and 10.5 wt. parts of methyl acrylate, and heated and molten at 230 to 250°C (MFR: 10.5
g/10 min.). Then, it was injection molded using a parison mold consisting of a core mold 2, a neck mold 3 and a cavity
mold 1 and having a hot runner 4 as shown in Fig. 1, and a disc-form parison having a diameter of 255 mm and an
average thickness of 2.5 mm was obtained as an intermediate resin molded article. The temperature of the parison
mold was adjusted between 120 and 140°C.
[0094] Then, the core mold 2 and cavity mold 1 were opened as shown in Fig. 2, and a plug mold 7 and a blow mold
6 were shifted over and below the neck mold 3, respectively as shown in Fig. 3. The plug mold 7 was closed while
maintaining the blow mold 6 in the open state, and the parison 5 was expanded with a plug 8 which was heated at 80
to 140°C as shown in Fig. 4.
[0095] After that, the blow mold which was heated at 60 to 80°C was closed while retracting the plug, and an air of
20 to 40°C was blown in the blow mold under a pressure of 8 to 9 kgf/cm2. Thus, the parison was molded in the final
molded shape as shown in Fig. 5, which had an opening size of 250 mm, an outermost size of 350 mm, an average
wall thickness of 1.0 mm, and an undercut ratio of 1.25.
[0096] After cooling, the blow mold 6 and neck mold 3 were disassembled, and the resin molded article 10 was
obtained as shown in Fig. 6.
[0097] The parison shape, mold sizes, and parison temperature during expansion are listed in Table 1, and the
moldability, article shape and appearance of the resin molded article are listed in Table 2.
[0098] As seen from Table 2, the obtained resin molded article had the uniform wall thickness distribution, the un-
dercut shape which followed the shape of the blow mold, and good appearance.

Example 2

[0099] A resin molded article was produced in the same manner as in Example 1 except that the diameter of the
parison mold was changed to 525 mm, the opening size and outermost size of the molded article was changed to 520
mm and 650 mm, and thus the undercut ratio increased.
[0100] As seen from Table 2, the obtained resin molded article had the uniform wall thickness distribution, the un-
dercut shape which followed the shape of the blow mold, and good appearance.

Example 3

[0101] A resin molded article was produced in the same manner as in Example 2 except that a methyl methacrylate
polymer having a branched structure was used, which had been prepared from 89.5 wt. parts of methyl methacrylate
and 10.5 wt. parts of methyl acrylate in accordance with Example 2 of GB 2294467. This polymer had a weight average
molecular weight of 160,000 and a molecular weight between branch points (expressed by a Z average molecular
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weight) of 130,000.
[0102] As seen from Table 2, the obtained resin molded article had the uniform wall thickness distribution, the un-
dercut shape which followed the shape of the blow mold, and good appearance.

Example 4

[0103] A resin molded article was produced in the same manner as in Example 2 except that a polycarbonate resin
(CALIBAR 2061-22M (opal colored) manufactured by SUMITOMO DOW Ltd.) was used as a resin, the injection molding
temperature was between 250 and 320°C, the parison mold temperature was between 150 and 190°C, the blow mold
temperature was between 80 and 120°C, and the plug mold temperature was between 80 and 160°C.
[0104] As seen from Table 2, the obtained resin molded article had the uniform wall thickness distribution, the un-
dercut shape which followed the shape of the blow mold, and good appearance.

Comparative Example 1

[0105] A resin molded article was produced using the mold by the method explained in Figs. 7 and 8.
[0106] A resin molded article was produced in the same manner as in Example 1 except that a semispherical parison
having an average wall thickness of 3.5 mm) was formed by injection molding as shown in Fig. 7, a core mold 2' and
a cavity mold 1' were opened, and a blow mold 6' was shifted below the core mold 2', and then the parison was blow
molded without previous expansion, as shown in Fig. 8.
[0107] The properties of the obtained resin molded article are shown in Table 2. The molding was possible, but the
molded article had poor appearance such that the center part and thin peripheral parts of the article had noticeable
color shading.

Comparative Example 2

[0108] A resin molded article was produced in the same manner as in Example 2 except that a semispherical parison
having an average wall thickness of 3.5 mm) was formed by injection molding as shown in Fig. 7, a core mold 2' and
a cavity mold 1' were opened, and a blow mold 6' was shifted below the core mold 2', and then the parison was blow
molded without previous expansion, as shown in Fig. 8.
[0109] The properties of the obtained resin molded article are shown in Table 2. The molding was possible, but the
periphery of the molded article was very thin, and the article was partly broken.

Comparative Example 3

[0110] A resin molded article was produced in the same manner as in Comparative Example 2 except that the same
resin as used in Example 3 was used.
[0111] The properties of the obtained resin molded article are shown in Table 2. The molding procedures were pos-
sible, but, the molded article had poor appearance such that the center part and thin peripheral parts of the article had
noticeable color shading.

Comparative Example 4

[0112] A resin molded article was produced in the same manner as in Comparative Example 2 except that the same
resin as used in Example 4 was used.
[0113] The properties of the obtained resin molded article are shown in Table 2. The molding procedures were pos-
sible, but the molded article had poor appearance such that the center part and thin peripheral parts of the article had
noticeable color shading.
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Claims

1. A method for producing a resin molded article (10) having an undercut shape comprising the steps of:

forming a parison (5) as an intermediate molded article by injection molding a thermoplastic resin,
expanding said parison (5) in an open mold (3, 6, 7) prior to blow molding of the parison in the final shape,
then closing the mold (3, 6, 7), and

Table 1

Resin Parison
shape

Av. wall
thickness
of parison

Mold sizes Parison
temp.
during

expansion
(°C)

undercut
ratio

Molding
area

expansion
ratio (%)

Outermost
size ratio

Example 1 PMMA D-shape 2.5 1.25 170 1.40 170

2 PMMA D-shape 2.5 1.63 195 1.25 170

3 PMMA* D-shape 2.5 1.63 195 1.25 170

4 PC D-shape 2.5 1.63 195 1.25 190

Comp
Example

1 PMMA Semisphere 3.5 1.25 170 1.40 170

2 PMMA Semisphere 3.5 1.63 195 1.25 170

3 PMMA* Semisphere 3.5 1.63 195 1.25 170

4 PC Semisphere 3.5 1.63 195 1.25 190

Notes: PMMA: Polymethyl methacrylate.
PMMA*: PMMA having a branched structure.
PC: Polycarbonate.

Table 2

Blow
moldability

Shape of molded article Appearance

Wall thickness tolerance Undercut
ratio

Minimum
(mm)

Maximum
(mm)

Tolerance
ratio

Example 1 Fair 0.8 1.0 1.25 1.25 A

2 Fair 0.6 1.2 2.00 1.63 A

3 Good 0.8 1.1 1.38 1.63 A

4 Fair 0.7 1.1 1.57 1.63 A

Comp.
Example

1 Poor 0.5 2.0 4.00 1.14 C

2 Bad* 0.3 2.2 7.30 1.22 C

3 Poor-fair 0.6 1.9 3.17 1.41 B

4 Poor 0.3 2.1 7.00 1.45 C

Note" Bad*: Partly broken.
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blow molding said parison (5) in the closed mold (3, 6, 7) to form the final shape of the article (10);

wherein the article (10) has an undercut ratio (d1/d2) of between 1.0 and 2.0, and an outermost size (d3) that
is 1.2 to 2.0 times an opening size (d4).

2. A method according to claim 1, wherein said parison (5) is expanded by a plug method, a blow method or a
combination of them.

3. A method according to claim 1 or 2, wherein the depth of the expanded parison (5) prior to blow molding is 0.5 to
1.5 times the size of an opening (d4).

4. A method according to claim 1, 2 or 3, wherein said thermoplastic resin is a methyl methacrylate resin comprising
at least 30 wt. % of a methyl methacrylate polymer with a branched structure which has a weight average molecular
weight of between 80,000 and 400,000 and a molecular weight between branch points, as expressed by a Z
average molecular weight, of between 30,000 and 500,000.

5. A method according to claim 4, wherein the resin molded article is a shade of a light fitting.

Patentansprüche

1. Verfahren zur Herstellung eines aus Harz geformten Gegenstandes (10) mit einer Hinterschneidung, umfassend
die Schritte:

Formen eines Rohlings (5) als einen geformten Zwischengegenstand durch Spritzgießen eines thermoplasti-
schen Harzes,
Expandieren des Rohlings (5) in einer offenen Form (3, 6, 7), bevor der Rohling zu der endgültigen Gestalt
blasgeformt wird,
anschließend Schließen der Form (3, 6, 7), und
Blasformen des Rohlings (5) in der geschlossenen Form (3, 6, 7), um die endgültige Gestalt des Gegenstandes
(10) zubilden;

wobei der Gegenstand (10) ein Hinterschneidungsverhältnis (d1/d2) zwischen 1,0 und 2,0 aufweist und eine äu-
ßerste Größenabmessung (d3) aufweist, die 1,2 bis 2,0 mal der Größe der Öffnung (d4) entspricht.

2. Verfahren gemäß Anspruch 1, wobei der Rohling (5) durch ein Formverfahren mit Stempelvorstreckung, ein Blas-
verfahren oder durch eine Kombination davon expandiert wird.

3. Verfahren gemäß Anspruch 1 oder 2, wobei die Tiefe des expandierten Rohlings (5) vor dem Blasformen 0,5 bis
1,5 mal die Größe einer Öffnung (d4) entspricht.

4. Verfahren gemäß Anspruch 1, 2 oder 3, wobei das thermoplastische Harz ein Methylmethacrylatharz ist, umfas-
send mindestens 30 Gewichts-% eines Methylmethacrylatpolymers mit einer verzweigten Struktur, das ein Ge-
wichtsmittel des Molekulargewichts zwischen 80.000 und 400.000 und ein Molekulargewicht zwischen Verzwei-
gungspunkten, ausgedrückt als Z-Mittel des Molekulargewichts, zwischen 30.000 und 500.000 aufweist.

5. Verfahren gemäß Anspruch 4, wobei der aus Harz geformte Gegenstand ein Schirm einer Beleuchtungsvorrichtung
ist.

Revendications

1. Procédé de production d'un article (10) de résine moulée ayant une forme à affouillement, comprenant les étapes
suivantes :

la formation d'une paraison (5) comme produit intermédiaire moulé, par moulage par injection d'une résine
thermoplastique,
l'expansion de la paraison (5) dans un moule ouvert (3, 6, 7) avant moulage par soufflage de la paraison à sa
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forme finale, puis
la fermeture du moule (3, 6, 7), et
le moulage par soufflage de la paraison (5) dans le moule fermé (3, 6, 7) pour la formation de la configuration
finale de l'article (10),

dans lequel l'article (10) a un rapport d'affouillement (d1/d2) compris entre 1,0 et 2,0, et une dimension ex-
térieure (d3) qui est comprise entre 1,2 et 2,0 fois une dimension d'ouverture (d4).

2. Procédé selon la revendication (1), dans lequel la paraison (5) subit une expansion par un procédé au poinçon,
un procédé de soufflage ou une combinaison des deux.

3. Procédé selon la revendication 1 ou 2, dans lequel la profondeur de la paraison expansée (5) avant le moulage
par soufflage est comprise entre 0,5 et 1,5 fora la dimension d'une ouverture (d4).

4. Procédé selon la revendication 1, 2 ou 3, dans lequel la résine thermoplastique est une résine de méthacrylate
de méthyle contenant au moins 30 % en poids de polymère de méthacrylate de méthyle avec une structure ramifiée
qui possède une masse moléculaire moyenne en masse comprise entre 80 000 et 400 000 et une masse molé-
culaire entre les points de ramification, exprimée sous forme d'une masse moléculaire moyenne Z, comprise entre
30 000 et 500 000.

5. Procédé selon la revendication 4, dans lequel l'article de résine moulée est un abat-jour pour monture de lampe.
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